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IIJTRODUCTION 

Inherent  biological  factors  create  much  variability  in  measure- 
ments taken  to  evaluate  beef  cattle  performance.   Some  of  this 
variability  can  be  attributed  to  genetic  differences  between  animals, 
some  to  environmental  influences  and  some  to  genetic-environmental 
interactions.   In  order  to  accurately  evaluate  beef  cattle  performance, 
estimates  of  the  various  factors  which  influence  perfomiance  are 
necessary.   A  thorough  knowledge  of  these  factors  should  enable  the 
livestock  breeder  to  develop  more  accurate  breeding  and  selection 
programs. 

During  recent  years  there  have  been  majiy  papers  published  con- 
cerning the  performance  of  different  populations  of  beef  cattle. 
However,  due  to  environmental  differences  a.nd  genetic -environmental 
interactions,  the  livestock  producer  must  htxve  valid  estimates  of  the 
factors  influencing  performfince  in  the  specific  population  which  con- 
cerns him.   This  is  particularly  true  in  Florida  because  the  environ- 
mental conditions  are  quite  diffei"ent  from  those  prevailing  tlirouchout 
most  of  the  United  States.   Therefore,  the  ability  of  an  animal  to 
adapt  to  his  environment  takes  on  added  significance.   Consequently, 
accurate  estimates  of  the  factors  which  influence  beef  cattle  perform- 
ance under  Florida  conditions  should  be  of  value  to  Florida  cattlemen. 


This   study  was  undertaken  with  the  purpose   of  obtaining  estimates 
of  genetic   and  environmental   influences   on  weaning  and  post-weaning 
gains  of  beef  cattle   under  south  Florida  conditions.      The   specific 
population   involved  was  that   of  the  Everglades  Experiment   Station  beef 
cattle  herd.      This  population  contained  Angus,    Brahman,   Devon,    Brahman- 
Angus  and  Brahman-Devon  cattle.      Weaning  weights  were   available   for  all 
calves.      Also,    since  very  little   culling  was  practiced,    12-   and  l8-month 
weights  were  available   for  practically  all  heifers. 


REVL'.'W  OF  LTTERATURS 

Weaning  Performance 

Effect  of  Year 

Numerous  invectigationG  have  shovn  that  the  effects  of  year 
cause  the  weaning  weights  of  calves  to  fluctu.ate  widely.   Burgess, 
Landblom  and  Stonalcer  (l95^)  reported  the  effects  of  year  on  the 
weaning  weight  of  Hereford  calves.  They  obtained  a  range  in  year 
effects  of  44  pounds  for  a  six-year  period.   Similar  year  effects 
were  found  by  Godbey  et  _il-  (1959),  Brown  (I960)  and  Godley  et  al. 
(i960).   In  a  study  of  the  Everglades  E:cperiinent  Station  beef  cattle 
herd  from  I93I  to  1955,  Clum  (1956)  obtained  a  range  in  year  effects 
of  over  100  pounds.   Brown  (1958)  also  obtained  a  range  in  year  effects 
of  over  100  pounds.   Reynolds  (1960)  analyzed  the  records  of  the  Range 
Cattle  Expericient  Station,  Ona,  Florida,  for  a  l^-year  period.   He 
found  that  the  range  in  year  effects  was  85  pounds. 

Effect  of  Sex 

The  fact  that  sex  has  an  effect  on  the  weaning  weights  of  calves 
has  been  known  for  some  time.   Koger  and  Knox  (19^3),  using  data  col- 
lected over  an  eight-year  period  on  863  Hereford  calves,  determined  the 
mean  weaning  weights  of  male  and  female  calves  corrected  for  differences 


in  veaning  age.  The  average  weaning  weight  was  kh'^   pounds  for  U19  steers 
and  4ll  pounds  for  ^44  heifers.   The  steers  were  heavier  than  the 
heifers  each  year.   However,  Gi^egoiy,  Blunn  and  Baker  (195O)  found 
little  difference  in  weaning  weight  between  male  and  female  calves. 
Botkin  and  V/liatley  (1953)  analyzed  the  weaning  weights  of  701  calves 
produced  by  range  Hereford  cav/s  and  reported  that  the  males  averaged 
25  pounds  heavier  than  the  feiriales.   In  a  reviex^r  of  the  influence  of  sex 
of  calf  on  weaning  weight,  Tmith  and  Warvrick  (1953)  determined  that  male 
calves  averaged  23  to  U9  poi.mds  heavier  than  females.   Bull  calves  were 
22  pounds  heavier  and  steer  calves  2  pounds  heavier  than  heifers  at 
weaning  in  a  study  by  Burgess,  Landblom  and  t^'tonaker  (195^)-   Rollins 
and  Guilbert  (195^)  observed  that  bull  calves  were  68  pounds  heavier 
thp^n  heifer  calves  at  2^1-0  days  of  age. 

A  study  conducted  by  Koch  end  Clark  (1955)  showed  that  male 
calves  averaged  26  pounds  heavier  at  weaning  than  female  calves.   Clum 
(1956)  noted  that  male  calves  averaged  25  pounds  heavier  at  I80  days 
of  age  than  females.   Marlo^^e  and  Gaines  (1958)  averaged  the  records 
of  ^166  calves  in  the  Virginia  performance  testing  progrnm.   The  data 
were  pooled  over  all  years  .and  over  hk   Angus,  19  HerefoixL  and  3  Short- 
hom  herds  located  in  the  state.  At  210  days  of  age  steers  were  3O 
pounds  heavier  than  heifers.   Gimilar  estimates  were  obtained  by  Koch 
(1951),  Bro-^^^l  (1960),  Rej-nolds  (I96O)  and  Meade,  Hrjnmond  and  Koger 
(1961).   A  difference  of  hi   pounds  in  favor  of  steer  calves  was  reported 
by  Godbey  et  al.  (1959)  fui-i  Godley  et  al.  (I960). 
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Effect  of  A^e  of  Dam 

The  age  of  the  dam  at  calving  has  been  shown  to  influence  the 
veaning  weights  of  calves  to  a  certain  extent.   Ijiapp,  Baker,  Quesen- 
berry  and  Clark  (l9^2)  observed  that  maximum  weaning  weights  of  calves 
may  be  expected  from  six-year-old  cows  with  a  gradual  increase  from  two 
to  six  years  and  a  more  rapid  decrease  from  six  to  11  ye-'r;;.   }_nox  rind 
Koger  (lS'+5)  showed  that  the  age  of  maximum  production  of  range  cows 
was  from  six  to  eight  years  with  the  peak  at  seven  years.   Sawyer, 
Bogart  and  Oloufa  (19^9)  noted  that  two-year-old  cca/s  weaned  calves 
75  pounds  lighter  than  matui'e  cows.   The  weaning  weight  of  calves  in- 
creased with  increasing  age  of  dmns  through  eight  years  but  then 
declined.   Botkin  and  V/hatley  (1953)  considered  all  cows  five  years 
old  and  older  as  mature.  Weming  weights  were  adjusted  to  a  matui'e 
cow  equivalent  by  adding  35  and  15  potaids  to  the  weights  of  calves 
from  three-  and  foui'-year-old  covs,  respectively. 

In  a  review  of  the  influence  of  age  of  dam  on  calf  weights, 
Smith  and  Warwick  (1953)  found  that  maximum  weaning  weights  were 
usually  obtained  from  dams  six  to  nine  years  of  age.   Eurgess,  La-ndblom 
and  Ctonaker  (195^)  developed  a  series  of  constants  to  increase  effec- 
tiveness of  selection  for  weaning  weights.   They  adjusted  for  age  of 
dam  by  adding  15  pounds  to  calves  from  two-year-old  cows,  10  pounds  to 
calves  from  cows  nine  years  and  over,  and  subtracting  5  pounds  from  calves 
weaned  by  cows  three  to  five  years  of  age  and  21  pounds  from  calves 
weaned  by  covs  six  to  eight  years  of  age.   Koch  and  Clark  (1955)  used 
a  number  of  correction  factors  to  cori-ect  for  the  effect  of  age  of  dam 
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on  weaning  weight.     They  corrected  by  adding  to  the  weaning  weights  of 
calves  produced  by:      3-year-old  dams,    U6  poundr;    U-year-old,    21  pounds; 
5-year-old,    8  pounds;    6-year-old,    0  pounds;    7-year-old,    2  pounds; 
8-year-old,    h  pounds;   9  year-old,   7  pounds;    and  10-year-oli,    ih  pounds. 
McConnick  and  others   (I956)   determined  that   age   of  dam  exerted  a 
significant   influence   on  210-day  weights  of  calves.      Calves  produced 
by  two-year-old  cows  were   I07  pounds  lighter  than  those  produced  by 
eight -year- old  cows.      Calves   from  three-year-old  dams  were   63  to  73 
pounds   lighter  than  those   from  nnture  darns.      Weaning  weights  of  the 
calves  produced  gradually  increased  with  age  of  dam  until  the  cows 
reached  maturity  at  seven  or  eight  years  of  age. 

Clum  (1956)   adjusted  calf  weights  to  a  m.ature   darn  equivalent  by 
adding  35,    12,    5,    3,    8,    I8,    3^,    53     and   53  poimds  to  calves  from  cot/s 
aged  2,    3,    h,    11,    12,    13,    1^,    15   'T-nd  I6  years,    respectively.      Marlowe 
and  Gaines   (I958)   reported  that  maximum  production  was  obtained  from 
six-  to  eight-year-old  cows.     They  made  adjustments  for  age  of  dam  on 
calves  from  cows  that  were   2,    3,    k,    5  and  over  10  years  of  age   at 
date   of  calving.      Results   similar  to  these  were   obtained  by  Brovm 
(1958),    Clark  et   al.    (1958),    Reynolds   (I960)   and  Mead.e,    Hainmond  and 
Koger  (1961). 

Effect  of  Month  of  Birth 

Clum  (1956)    reported  that  within  year  variability  due  to  month 
of  birth   influenced  the   l30-day  weights   of  calves.      He   found  that 
calves  bom   in  the  months  of  December  through  May  were   heavier  than 


7 
calves  bom  from  July  throioch  November.      Peacock,   Kirk  and  fCocer  (1956) 
stated  that   calves  born  during  December,   January  and  February  were 
l4  pounds  heavier  at   l30  days  of  age   than  calves  bom  dui^ing  I-iarch, 
April  and  May.      Koger  (1958)    Indicated  that  December  and  Januiry 
calves  were   heavier  thnn  February,   March  or  April  calves.      Results  of 
a  study  by  Marlowe,   Kincaid  and  Litton   (1958)   gave  evidence   that   sea- 
son of  birth  contributed  to  the  variability  in  preweaning  gain.      Broivn 
(1958)   reported  that   calves  born  during  Febi-u;iry,   March  caid  April  were 
heavier  th^n  calves  bom  from  September  through  January.      Rej'-nolds 
(i960)   fovond  that  the  weaning  weights   of  c-.lves  born  from  January 
through  April  were   heavier  by  7  pounds  than  calves  born  in  Decem.ber 
or  May,    and  were   I5  poimds  heavier  than  those  bora  from  June   through 
November.      I^arlowe   and  Gaines   (1958)   and  Bro^m   (1960)   have   also   choim 
that   season  of  birth  influences  the  weaning  weights   of  calves. 

Effect  of  Lactation  Status 

Reynolds   (I96O)   found  that   lactation  status  of  the  dam  during 
the  breeding   season  exerted  a  significant   influence   on  weaning  weight. 
He   obtained  an   interaction  of  lactation   status  with  pasture,   year  and 
breed.      However,   Meade,    Hammond  and  Koger   (I961)    reported  that   lacta- 
tion  status   of  the  dam  did  not   influence  weaning  weight   in  a  pui^ebi^ed 
Brahman  herd. 

Effect  of  Breed 

numerous   investigations  have   shovm  th^^t   under  specific   environ- 
mental conditions  breed  of  calf  exerts   a  significant    influence   on 


weaning  weight.      Bray   (1933)    reported  that  half -Brahman  calves  were 
heavier  at  weaning  than  either  Hereford  or  Angus  calves.      In  193^, 
Black,    Seinple   and  Lush  reported  the   results  of  mating  Brihman  bulls 
to  Shorthorn  -uid  Hereford  cows.      At  weaning,   the   steers  containing 
Brahman  blood  were  heavier  than  the   non-Brahman  steers.      Phillips  and 
others   (19^2)   found  that   Shorthorn- He re ford   steers   out   of  Hereford 
cows  were   slightly  heavier  at  weaning  than  purebred  Hereford   steers. 
For  the  Gulf  Coast  area,   FLhoad  and  Black   (19^3)   recommended  Brahman 
hybrid  beef-type  bulls   for  use   on  range   ca\TS  with  one-half  to  three- 
fourths  the  blood  of  a  pure  beef  breed.      Tliey  stated  that   one  p-irent 
of  the  hybrid  bulls   should  be   of  the   s-Tjne  pure  beef  breed  that   sired 
the   range   cows  and  the   other  parent  predominately  of  Brahman  breeding 
and  of  acceptable  beef -type   conformation. 

In  a  study  by  Rhoad,    Phillips  and  Dawson   (19^5),    calves  from 
Angus  dams  when  mated  to  Angus  bulls  were   lighter  at   six  months  of 
age  than  when  mated  to  Africander  or  Zebu  bulls.      Baker  and  Black 
(1950)   found  that  average  weight  at   si:c  months  of  age  was  significintly 
greater  for  calves   out   of  Braliman-Angus   cows  than  for  calves   out   of 
purebred  Angus  cows,    irrespective  of  sire.      In  a  review,  Warwick  (1950) 
reported  that  Brahman  crossbred  calves  were   35  pounds  heavier  at  wean- 
ing than  British  type   calves.      Calves   from  Brahman  crossbred  dams 
were  8I  pounds   heavier  at  weaning  than  calves   from  British  type   cows. 
Gerlaugh,   Kuiikle   and  Rife   (195I)  made   reciprocal  crosses  with  Angus 
and  Hereford  cattle.      The   crossbred  calves  had  only  a  slight  advantage 
in  weight  at  weaning  over  the  purebreds. 

/ 


Kidder  and  Chapman  (1952)   gave   a  preliminary  report   of  weight 
performance   of  crossbred  and  purebred  cattle   at   the  Everglades  Experi- 
ment  Station.      Their  results   indicated  that  progeny  of   reciprocal 
crosses  of  Brahcian  X  Angus  and  Brahman  X  Devon  were   superior  in  weight 
gains  to  either  of  the  purebred  lines   of  the   respective   cross. 

The   results   from  22  published  experiments   in  crossbreeding 
beef  cattle  were  appraised  by  Holt   (1955).      These   included  British 
breeds,    other  Europe.an  breeds,    2.ebus  and  unimproved  cattle.      Crossbred 
calves   averaged  3.5  per  cent   above  the  parental  average   in  weaning 
weight.      McCox-mick  and  Southwell   (I955)    summ.-:irized  the  weaning  per- 
foiTnance   of  British  and  British-Brahman  F-^  cilves.      The  British  calves 
were   30  pounds   lighter  at  weaning. 

Kidder,    Liddon,    Clum  and  Koger  (1956)   nnalyr.ed  the  gro\rth  re- 
sponse  of  Angus,    Brahman  and  Devon  cattle   and  various  crosses   of  these 
breeds.      A  marked  heterosis  effect   on  grovrth  to  I60  days   resulted  from 
the   various  Brahman-Devon  crosses.      Calves   from  crossbred  dams  by 
crossbred   sires  were   lighter  than  F-j_  calves   or  calves   from  crossbred 
dams  by  purebred   sires.      They  stated  that   in  the  Angus-Brahman  groups, 
heterosis  effects  vrere  marked   in  both  grovrth  rate   of  calves   and  mother- 
ing ability  of  dams. 

McComas,    Cook  and  Dawson  (1956)   found  that   F-,_  Red  Dane  X  Red 
Poll  heifers  made  more   rapid  gains   from  birth  to  weaning  than  did  Red 
Poll  heifers.      Peacock,   Kirk  and  Koger   (1956)   obtained  a  significant 
difference  between  weaning  weights   of  calves  mothered  by  dams  of  dif- 
ferent breeding.      Cows  with  one-half  Brahman  breeding  weaned  the 
heaviest   calves  and  cows   containing  no  Bralman  bi-eeding     weaned  the 
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lightest   calves.      V/eaning  weights  of  calves   from  cows  with  I/32  to 
15/32  and  17/32  to  31/32  BrahLiaji  breeding  were   intemiediate. 
McCoi-mick  and  Southwell   (1957)    stated  that   elves   from  Brahnan  bulls 
mated  to  Hereford  cows  were   27  pounds  heavier  at  weaning  thaja  calves 
from  Angus  bulls  mated  to  llerefoM  cows.      Using  a  rotational  cross- 
breeding  system  with  Angus,    Hereford  aJid  Ghorthom  cattle,    Ouesen- 
berry   (1958)    found  that  the   crossbred   steers  weighed  more   at   any  age 
than  did  the   Hereford   steers  with  which  they  vrere   compared. 

Bums,   Koger,   Wamick  and  Kincaid   (1959)    reported  that   the 
weaning  weights  of  Angus,    Braliman  cand  Hereford  c-lves  were   lighter 
than  Santa  Gertrudis   or  Braliman-Angus   calves.      Damon  et   al .    (1959) 
studied  the  performance  of  crossbred  beef  cattle   in  the  Gulf  Coast 
region.      Crosses   among  Brahman  and  other  breeds   of  cattle  gave   a 
considerable   advantage   over  the  purebred  cattle  with   respect  to  wean- 
ing vreights.      However,    the   advantage  was  not   so  marked  when  slaughter 
calf  grades  were   considered.      These   crosses  were  generally   superior 
when  the   Brahman  breeding  was   in  the   females.      They  obtained   little 
advantage  by  crossing  the  English  beef  breeds.      Godbey  et   al.    (1959) 
reported  that  Angus   cows  produced  lighter  calves   at  weaning  when  mated 
to  Angus  bulls  than  when  mated  to  Brahman  or  Hereford  biais .      Likewise, 
Hereford  cows  produced   lighter  calves  when  mated  to  Hereford  bulls  thaji 
when  mated  to  .Angus  or  Brahman  bulls.      Godley  et   al.    (I96O)    found  that 
Brahman-Angus  ajid  Brahman- He  re  ford  dajas  produced  heavier  calves  than 
Hereford-Angus  or  purebred  Angus  dams  when  mated  to  the   same  Shorthorn 
bull. 
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Reynolds   (1960)   stated  that  breed  group  conrparisons   indicated 
that  hybrid  vigor  was  an  important  factor  inf lue no iu^;;  growt.h  of  calves 
at  the   Range   Cattle   station.      Generally  the  breed  groups  with  less 
th;.'n  75  per  cent  of  any  one  breed  weaned  the  heaviest   calves.      Hargrove 
(i960)    individually  fed  Shorthorn,    braiiDian  and  Chorthom  X  Brahman 
calves  which  were  weaned  at   an  average   age   of  86  days.      The   chorthom 
calves  gained  I69  pounds,    the    Brahiufin  calves   22^  pounds  and  the   cross- 
bred calves  238  pounds   for  a  1^7-day  feeding  period. 

Poct-Wenning  Performance 

Bray   (1933)    stated  that   half -Brahman  yearling  heifers  averaged 
733  pounds  while  beef  type   non-Brahman  heifers  averaged  6h'^  pounds. 
Baker  and  Black  (1950)   founl  that  yearling  heifers  out  of  Braliman -Angus 
cows  were  heavier  than  heifers   out   of  purebred  Angus   cows.      Warwick 
(1950)    repoi'ted  that   Brahman  crossbred  cattle  were   h6  pounds  heavier 
than  British  type   cattle   at   12  months   of  age.      The   crossbred  cattle 
were  80  povinds  heavier  at  2^+  months   of  age. 

Liddon   (19!;7)    studied  post-weaning  growth  of  Angus,    BrahmaJi, 
Devon  and  crossbred  cattle   at  the  Everglades  Experiment   Station.      First- 
cross   females  were   siiperior   in  weight  to  the  two  parental  breeds   from 
six  months  to  five  years   of  age.      The   F     females  had  a  7-7  to  It .7 
per  cent   advantage   over  the  heavier  of  the  parental  breeds.      The   3/^ 
Devon  backcross  group  was  equal   in  weight  to  the   Brahman-Devon  F, 
groups,      \vhen  all  of  the  purebreds  were   compared  with  all  of  the   cross- 
breds  the   crossbreds   showed  greater  weight   for  age   at   all  ages.      Bums 
et   al.    (1959)   reported  that  yearling  Santa  Gertrudis  and  Brahman-Angus 
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heifers  were   heavier  than  Ancus,    Brahman  and  Hereford  heifers.      McDowell 
et   al.    (1959)   compared  Jersey  and  Red  Gindi-Jersey  crossbred  calves  at 
the  BeltEville   and  Jeanerette   stations.      They  found  that  the  F     calves 
were  heavier  than  the  purebred  Jersey,    l/^t  Jersey  and  Z/k  Jersey  calves 
at  6,    12  and  I8  months  of  age. 


i-l/vtsrialo  aiid  methods 

Nature   of  P- ta 

The   data  w^ed  in  thic   study  were   obtained  from  the  beef  cattle 
records   of  the  Everclades  Experiment   Ctatlon,    Belle  Glade,    Florida. 
Records  were   available   on  Ar^jus,    Brahmaxi,   Devon  and  various  crosses   of 
these  breeds   of  cattle.      The  Devon  herd  was  established  at  the   station 
in  1931  and  maintained  until   IjCO.      Herds  of  purebred  Ancus   and 
Brn,ljinrLn  cattle  were   added  and  a  crossbreeding  program  was   started   in 
19^. 

Very  little   culling  took  place   in  this  population.      Cince 
practic'dly  all  of  the  heifers  were   kept   in  the  her-^, ,    little   selection 
was  practiced  except   for  the   choice   of   sires   used.      Therefore,    the 
recox-ds   used  in  this   study  were   from  a  relatively  unselected  popula- 
tion compared  to  most  beef  cattle  hex'ds  today. 

The  data  anrJ.y.:ed  were  the   205-aay  weights   of  933  calves  and 
the   17-   and  l.-month     weights  of  hV)  heix'erL:.      All  of  the  heifers 
having  12-   nnd  lo-month  weights  were   included   in  the   205-day  weight 
analysis.      The   records   covei-ed  the  ten-year  period   from  195 3  through 
1959-      For  205-day  weight,    the  data  were   classified  by  year  of  birth, 
breed  group,    age   of  dam,    sex,   month  of  birth  and  lactation  status   of 
the  dam.      For  11^-   and  L3-month  weights,    the  data  were   classified  by 
year  and  breed  group. 
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Ik 

Although  reproduction  was  not  considered  in  this  study,  the 
nutiLer  of  cows  bred  and  calves  weaned  by  year  and  breed  group  is 
shovTi  in  table  l6. 

Factors  Included  in  Analysis 

The  record  of  each  individual  was  classified  by  year  of  birth 
and  the  following  factors. 

Age  of  Dam.   Age  of  dam  was  classified  six  ways. 

1.  Tvro  years.   Heifers  which  cr^.lved  at  two  years  of  age. 

2.  Three  years.   Cows  which  calved  at  tiiree  years  of  age. 

3.  Four  years.  Cows  which  calved  at  four  years  of  age. 
h.  Five  years.  Cows  which  calved  at  five  years  of  age. 
5-   Six  to  eleven  years.   Cows  wliich  calved  from  sljc  to 

11  years  of  age  were  grouped  together  since  prior 
knowledge  indicated  that  their  influence  on  weaning 
weight  was  similar. 
6.   T\relve  to  seventeen.   Fince  nuii^bers  were  small  in  the 
higher  age  classifications,  cows  which  calved  from  12 
to  17  years  of  age  were  grouped  together. 
Sex. 

1.  Bull  calves. 

2.  Steer  calves. 

3.  Heifer  calves. 

Month  of  Birth.  Previous  research  and  a  preliminary  inspection 
of  the  data  indicated  that  month  of  birth  could  be  grouped  into 
three   classifications. 
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1.  Calves  bom  during  the  months  of  December  through  June, 

2.  Calves  born  during  the  months  of  July  through  October. 

3.  Calves  born  in  November. 

La.ctation  .status   of  Dai:..      The  term  lactation   status   refers  to 
the   lactation  record  of  the  dam  the  previous  year.      It   is  based 
on  whether  or  not   a  dam  weaned  a  calf  the  previous  year.      In 
this   study  lactation   status  was   classified  two  ways. 

1.  Lactating  dams.      Dams  which  weaned  a  calf  the  previous 
year. 

2.  hon-lactating  dams.      Dams  which  did  not  wean  a  calf 
the  previous  year. 

Breed  Group.      Breed  groups  were   classified  on  the  basis   of  the 
breeding  of  the   calf.      There  were   three  purebi-ed  groups  and 
five   crossbred  groiips  as   follows: 

1.  Angus.      Purebred  Angus   calves. 

2.  Brahjnan.      Purebred  Brahman  calves. 

3.  Devon.      Purebred  or  high  grade  Devon  calves. 

h.        Brahman-Angus  Fj^'s.      One-half  Brahaian  one-half  Angus 
calves. 

5.  Braliman-Ajigus  Backcrosses.      Calves   obtained  by  mating 
Braliman  or  Angus  b\ills  to  Brahm/nxi-Angus  F     dams. 

6.  Brahman-Devon  F    's.      One-half  Brahman  one-half  Devon 
calves. 

7.  Brahman-Devon  Backcrosses.      Calves   obtained  by  mating 
Bralunan  or  Devon  bulls  to  Brahman -Devon  F     dams. 
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6.        BrP-hman-Devon  Rotation  Crosses.      Calves   resiolting 
from  a  Braliiaan-Devon   rotatloiua  Bating  system. 

9-        Inter-se.      C-alves   resulting  from  the   inter-se  mating 
o±'  Brahman-Devon  crossbredc. 

Method  of  Analysis 

Like  most  animal  breeding  data  the  records  in  this  study  were 
not  balanced  with  respect  to  their  frequencies  in  the  different  sub- 
classes.  Therefore,  a  specialized  statistical  analysis  was  necessary 
in  order  to  obtain  the  best  estimates  of  the  different  parameters  which 
were  of  Interest.  Virious  authors  have  discussed  the  problem  of 
analyzing  data  involved  in  multiple  classifications  with  disproportion- 
ate subclass  frequencies.   For  data  where  the  frequency  of  observations 
in  some  of  the  subclasses  is  zero,  use  of  the  method  of  fitting  constants 
by  least  squares  seems  to  be  the  best  solution.   This  method  of  analysis 
was  used  in  the  present  study. 

Yates  (193^)  was  the  first  to  publish  the  method  of  least  squares 
for  the  analysis  of  multiple  classifications  with  unequal  numbers  in 
the  different  subclasses.   Gince  then,  others  such  as  Hazel  (19^^^), 
Anderson  and  Bancroft  (1952),  Kempthome  (1952),  Henderson  (l953)  and 
Harvey  (I960)  have  outlined  this  method  and  given  the  computational 
details  involved  in  its  use. 

Due  to  the  corrplexity  of  the  data  and  the  computational  facilities 
available,  it  was  impossible  to  analyze  a  model  which  included  inter- 
action effects  by  least  squares.   Consequently,  it  was  necessary  to  use 


17 

some  other  method  to  obt'iin  ectimates  of  interaction.   Estimates  of 
all  first-order  interactions  were  obtained  using  an  approximate  method 
described  by  Hazel  (191^6)  and  Lmdblom  (1955)-   Sum  of  squares  for 
Interaction  were  obtained  by  summing  the  squared  differences  between 
actual  and  expected  subclass  values  divided  by  their  subclass  frequency. 
Expected  values  were  those  obtained  from  the  least  squares  analysis 
assuming  no  interaction.   One  degree  of  freedom  was  subtracted  for 
each  missing  subclass  in  the  two-way  interaction  tables. 

Model  for  V/eaning  Data 

The  method  of  fitting  constants  by  least  squares  was  used  to 
analy.:e  the  205-day  weights  of  933  calves.   The  following  mathematical 
model  was  assumed  to  fit  the  biology  involved. 

Yijkpqrt  =  ^  +  yi  +  bj  ^  aj,  +  Sp  +  my  +  1^  +  ^Ukport 

i  =  1,  2,  ...  10 

J  =  1,  2,  ...  9 

k  =  1,  2,  ...  6 

P  =  1>  2,  3 

q  =  1,  2,  3 

r  =  1,  2 
whe  re : 

^ijkpqrt  =  *^^  205-day  weight  of  the  t*^  calf  in  the  ijkpqr^^ 
subclass, 

u  =  the  general  mean, 

y±=   eifect  of  i   year, 

^j  =  effect  of  j   breed  group, 
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aj^  =  effect  of  k'^'^  age  of  darn, 

t  h 

s     =   etxcct  of  p   sex, 

th 
m^,  =  effect  of  v.       month  of  birth, 

Ij-  =  effect   of   r       lactation   stitus  of  dan, 

^iikpart  ~   random  errors   assumed  to  be  hlD   (0,   6  '^). 

Using  this  model,    3^  least   s.^uares  e'.uations  were  derived  and 

are   shown   in  table   1^.      Since   these  equations  were   not   independent, 

the   following  restrictions  were   imposed   in  order  to  obtain  a   solution. 

^h   =    ^'^j   -     ^K  =    ^Sp  =    ^^  =      l-lr  =   0 
1  J  k  p  q  r 

The  reduced  equations  were  solved  simultaneously  by  using  matriji 

inversion  procedures.   The  matrix  inverse  is  given  in  table  15-   Sums 

of  squares  for  main  effects  were  computed  by  subtracting  the  reduction 

sum  of  squares,  with  a  paxt,icular  classification  deleted,  from  the 

reduction  sum  of  squares  obtained  with  all  elements  in  the  model. 

Model  for  Post -Weaning  Data 

The  following  mathematical  model  was  used  to  analyse  the  17-   and 
l6-month  weights  of  4l5  heifers. 

^ijk  =  oc  +  y.  +  bj  .  dDiji,  +  e^ji, 
i  =  1,  2,  ...  10 

j  =  1,  2,  ...  9 
whe  re : 

^ijk  ~  '^^^   ^^-~   °^  l6-month  weight  oi    the  k   heifer  in  the 
ij   subclass, 
oC    =  the  theoretical  population  mean  with  equal  subclass 
frequencies  when  weaning  age  is  zero. 
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y-    =  effect   of   i    ''  year, 
D.   =  ej-iect   oi    J        breed  croup, 
d  =  partial  regression  of  12-   or  l8-inonth  weight   on  age   at 
veaningj 
I^ljk  =   '3-Ge   at  weaning  for  the  k       heifer   in  the    ij"*^^   subclass, 
^ijk  =   random  errors   assimed  to  be  NID   ( 0,     6  '"'). 

The   restrictions  were   that    ^Y-^  =    ^'^  ]   =   0-      Estimates   of  the 

^  j  ^         A        .  _ 

general  mean  were   obtained   from  the   relationship  u  =  oc  +   d  D,   where  D 

is  the  metm  age   at  weaning. 


RESULTS 

20^-Day  Weight 

The  205-day  weights  of  933  culves  were  used  in  this  analysis. 
The  unadjusted  mean  weight  was  365  pounds  while  the  adjusted  mean  or 
general  mean  obtained  from  the  least  squares  analysis  was  372  pounds. 

Effect  of  Year 

Differences  in  205-day  weights  due  to  year  effects  were  found 
to  he  highly  significant  (P<O.Ol),  as  shown  in  table  1.   In  these 
dita,  years  were  an  important  source  of  variability  as  indicated  by 
tlie  mean  square  for  year  being  more  than  twice  as  large  as  any  other 
mean  SL,uare.  Although  numerous  reports  state  that  year  is  an  iraport:j^t 
source  of  variability,  it  seems  that  under  the  conditions  of  this 
study  years  were  more  variable  than  would  be  expected  from  a  review 
of  the  literature. 

Also,  it  is  interesting  to  note  that  year  was  involved  in  all 
of  the  significant  interactions  (table  2).   There  were  significant 
interactions  of  year  with  breed,  sex,  month  of  birth  and  lactation 
status.   Age  of  dsun  was  the  only  classification  not  involved  in  an 
interaction  with  year. 

The  least  squares  effects  by  year  are  given  in  table  3.   The 
range  in  year  effects  was  from  hk   pounds  in  195^  to  -101  pounds  in  I958. 
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Table   1. --VARIAIJCE  AIIALYCIS  FOR  T-'JiIN  EFFSCT3  UIFLin^IICIIIG  205-DAY  WEIGHTS 


Source 

df 

ss 

MS 

R(u,y,b,a,c,ii:,l) 

27 

2;  950, 32. 

R(u,b,a,s 

ni,l) 

lb 

1,165,590 

R(u,y,i,s 

m,l) 

19 

2,l69,0Uc 

R(u,y,b,G 

m,l) 

22 

2,:A7,5^o 

R(u,y,b,-. 

m,l) 

25 

2,770,7^7 

R(u,y,b,rt 

3,1) 

25 

2,905,95^+ 

R(u,y,b,'i 

n,nO 

26 

2,9^,7'^7 

Year 

9 

1,7&^,737 

198,304^* 

Breed 

8 

701,280 

97,660** 

Age   of  D'am 

5 

102,780 

20,556** 

Sex 

2 

179,580 

89,790^* 

Month  of  Birth 

2 

^^,373 

22,187** 

Lactation  L:tatuc 

1 

3,5^1 

3,581 

Re  s  iduLil 

905 

3,3'+J+,20ii 

3,695 

Total 

932 

C,?^k,■yJl 

**Si£-,nif leant  at    J. 01  level  of  probability. 
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Table   2.--APPR0XII-IATE  MEAII  SQUARES  FOR  FIRST-ORDER   II.TEPuA.CTIONS 


Year  x  Breed 

Year  x  Age  o£  Dam 

Year  x  Sex 

Year  x  Month  of  Birth 

Year  x  Lactation  Status 

Breed  x  Age   of  Dam 

Breed  x  Sex 

Breed  x  I'.onth  of  Birth 

Breed  x  Lactation  Status 

Age  of  Dam  x  Sex 

Age  of  D;im  x  Month  of  Birth 

Age  of  Dam  x  Lactation  Stratus 

Sex  X  Month  of  Birth 

Sex  X  Lactation  Status 

Month  of  Birth  x  Lactation  Status 


df        SS 


58 

373,507 

6 ,  i+J+O** 

39 

152,378 

3,907 

16 

138,161 

6,635** 

18 

161,061+ 

6,949** 

9 

75,251 

8,361* 

33 

11+7,680 

4,1+75 

16 

93,015 

5,813 

16 

63,061 

3,9^+1 

8 

28,822 

3,603 

10 

i^3,858 

^,386 

10 

36,14^2 

3,61+6 

h 

12,666 

3,166 

h 

11,216 

2,&0l+ 

2 

3,112 

1,556 

2 

1(-,D12 

9,306 

■^^Significant  at  0.01  level  of  probability. 
^Significant  at  O.O5  level  of  probability. 


Table   3.--LEA.GT  SC.UARES  EFFflCTC  BY  YEAE" 
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CLissiflcotion 


number  of 
Calve G 


205 -Day 
We  icht 


YEAR  (^-i) 

1950 
1951 
1952 
1953 
195^ 
1955 
1956 
1957 
1958 
1959 

OVER-ALL  (u) 


^9 

38.31 

67 

-21.19 

79 

-1.88 

115 

-15.63 

80 

27.39 

107 

39.11 

99 

44.17 

lUi 

20.34 

i4o 

-100.56 

56 

-30.05 

933 

372.23 

°-In  this   ctudy,    all  effects   -ire  deviations   from  the    jver-all 
mean  (u) . 
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Effect   of  Breed  Groiip 

There  were  Lichly  significant   differences   in  205-day  weights  due 
to  the  effects   of  breed  group.      Alao,    there  was   a  highly  significant 
interaction  of  breed  group  with  year.      The   Bralunan-.Aii^jus  ba.ckcross 
calves  were  the   heaviest   in  this   study  with  an  effect   of   50  povinds 
while   the  purebred  Angus   calves  were   the   lightest  with  an  effect   of 
-^9  pounds   (table   h) . 

The  purebred  Devon  calves  were  heavier  than  the  purebred  Brahman 
and  Angus   calves  by  20  and  27  pounds,    respectively.      All  of  the  purebred 
groups  were   lighter  than  any  of  the  crossbred  groups. 

In  the   Brahman-Angus   crosses,    the  backcross  calves  were  63 
pounds  heavier  than  the   F     calves. 

In  the  Brahman-Devon  crosses,  the  backcross  calves  were  2  pounds 
heavier  than  the  Fj  calves.  The  backcross  calves  were  heavier  than  the 
rotation-cross   ?Jid   inter-se   calves  by  6  and  2h  pounds,    respectively. 

The  Brahman-Angus  F     calves  were   38  pounds   lighter  than  the 
Brahman-Devon  Ft    calves.      In  conti'ast   to  this,    the   Brahman-j\ngus  back- 
cross  c:',lves  were   22  pounds  heavier  than  the   Brahm.an-Devon  backcross 
c  alve  s . 

Effect   of  Sex 

Sex  of  calf  was  found  to  be  a  highly  significant  source  of 
variability  and  was  involved  in  a  highly  significant  interaction  with 
year. 

Least  squares  estimates  of  the  effects  of  sex  revealed  that 
bull  calves  were  11  pounds  heavier  than  steer  calves  and  -g^  pounds 

•■'--(3.  i. 
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Table   ii. --LEAST  SQUARES  EFFECTS  BY  BRi]ED 


Classification  Kumber  of  205-Day 

Calves  Weight 


BREED  G;<0UP   (i.) 
J 

Purebreds 

Angus 

143 

Brahman 

67 

Devon 

171 

Brahman-Angus  Crosses 

F-l's 

34 

Backcrocses 

51 

Brahman-Devon  Crosses 

F^'s 
Backcrocses 

82 

106 

Rotation  Crosses 

102 

Inter- se 

177 

0Vi3R-ALL   (u) 

933 

-49.35 

-42,07 
-22.52 

-12.74 
49.89 

25.28 

27.39 

20.98 

3.12 

372.28 
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heavier  than  heifer  calves  (table  5).   These  effects  are  similar  to 
those  reported  by  most  research  workers. 

Effect  of  Age  of  P-^jii 

Tliere  were  highly  sicnificant  differences  due  to  age  of  dam. 
The  heaviest  calves  were  produced  by  cows  which  were  six  to  11  years 
old  while  the  lightest  calves  wei-e  produced  by  cows  which  were  two 
years  old  (t.ble  5).   Calves  from  cows  2,  3,  ^,  5  and  12  through  I7 
years  old  were  lighter  than  crilves  from  cows  six  through  11  years  old 
by  k6,   26,  6,   12  and  5  poimds,  respectively. 

Effect  of  Lactation  Statue 


The  effects  of  lactation  status  were  not  significantly  different, 
However,  thei-e  was  a  significant  {P  <.   O.O5)  interaction  between  lacta- 
tion status  and  year. 

The  calves  fron  cows  which  were  non-lactating  the  previous  year 
were  5  pounds  heavier  than  calves  from  cows  which  were  lactating  the 
previous  year  (table  6). 

Effect  of  Month  of  Birth 

Month  of  birth  exerted  a  higlily  significant  influence  on  205-day 
weights  ajid  was  involved  in  a  highly  significant  interaction  with  year. 
Calves  born  during  the  months  of  December  through  June  were  heavier 
than  November  calves  by  7  pounds  and  July  through  October  calves  by 
18  pounds  (table  6). 
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Table   5. --LEAST  SQUARES  EFPTi^CTS  BY  SEX  AMD  AGE  OF  DAI-I 


Classification  liuraber  of  205-Day 

Calves  Weiaht 


SEX   (sp) 

Biais  281  1^.28 

steers  173  3-02 

Heifers  hJ9  -17.30 

AGE  OF  DM\  (a^) 

2  years  6I  -30.1^1- 

3  years  200  -lOAO 
h-  years  I55  y.hZ 
5  years  I5I  1;.30 
"   ■-  '"  l->.82 

11.00 


6-11  years  333 

1L'-17  years  33 


OVER-ALL  (u)  933  372.28 
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Table   6.— LEA3T  SQUMES  EFffiCTG  BY   lACTATIOII  STATUS  Al.D  rlOITTH  OF  BIRTH 


Classification  I;uinber  of  205-Day 

Calves  Weight 


LACTATION  STATUS   (l„) 


Lactating  k^f  -2.44 

Non-lactating  k^G  2.kk 

MOLTH  OF  BIRTH  (fi   ) 

Dec ember- June  368  8.32 

July-October  2^9  -10. 09 

November  316  1.77 

OVER -ALL  (u)  933  372.28 
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12-  and  l8-Month  Weight 

The   12-   and  l3-month  weights   of  iil5   heifers  were   used   in  this 
analysis.      Tlie   unadjusted  mean  weight  vras   ^88  pounds   for  the   heifers 
at   12  months   of  age   and  63O  pounds   for  the  heifers   nt   lb  months   of  age. 
The   adjusted  means   for  the   12-   and  l8-month-old  heifers  were   485  and 
632  poimds,    respectively. 

Effect   of  Year  of  Eirth 

Year  of  birth  exerted  a  highly  significant   influence   on  the   12- 
and  18-month  weights   of  the   heifers   in  tliis   study   (tables  7   and  8).      The 
magnitudes   of  the  mean  scuares   for  year  in  respect   to  breed  were   similar 
to  that   found   in  the   205-day  weight   analysis  where   the  year  mean  square 
was  more  than  twice   as   large   as  the  breed  mean  square. 

The  year  x  breed   interaction  mean  squares   are   given   in  table  9 
and  are   not   signific  .nt.      There  was  tremendous  variability  in  the  year 
effects   (table   lO),      The   ran^e   in  year  effects   for  If-nonth  weight  was 
166  pounds  while   for  l8-month  weight   it  was  215  pounds. 

Effect  of  Breed  Group  on  12-honth  Weight 

There  were  highly  significant  differences  in  the  12-month 
weights  due  to  breed  group.  The  purebred  Angus  heifers  x/ere  the 
lightest  breed  group  while  the  Brahman-Devon  L'l  heifers  were  the 
heaviest   (table   ll). 

The  purebred  Devon  heifers  wei-e   I8  pounds   he'-'Vier  than  the 
Brahman -lie  if  ers   and  jG  pounds  heavier  than  the  Angus  heifers. 
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T-_i"bie  7.--va:u/j;ce  aiialycig  for  12-I-;0CTH  ;>tt;iGIIT 


Source 

df 

GS 

MS 

R(   o^ 

R(  it 

R(a^ 

,y,b,dD) 

,b,cLD) 

,y,dD) 

,y,b) 

13 

9 

10 

17 

2,027,398 

617,^55 

1,UC7,129 

1,886,7^2 

Year 
Breed 

9 
8 

620,269 

156,660^* 
77,53^** 

Regreseion  of 
on  Age  at 

We  ight 
Weaning 

1 

1^^0,656 

li+0,656** 

Residual 

396 

1,396,7^ 

3,527 

Total 

lilU 

3,te4,iii5 

**Significant   at   0.01  level  of  probability. 
Table   8.--VARIA1ICE  AliALYSIS  FOR   lE-MOIWH  \^EIGHT 


Som-ce 

df 

SS 

MS 

R(  ot 

,y,t,dD) 

18 

2,530,362 

E{oc 

,b,dID) 

,y,dD) 

9 

523,763 

R(cc 

10 

1,887,560 

r(^ 

,y,b) 

17 

2, 51:,  703 

Year 

9 

2,006,599 

222,955** 

Breed 

8 

6i+2,802 

80,350*-* 

Regression  01 

^  Weight 

on  Age   at 

Weaning 

1 

17,659 

17,659 

Recidual 

396 

1,830,853 

^,623 

Total 

UlU 

^,361,215 

**Signif icant   at   0.01   level  of  probability. 


Table  9.--IIiTERACTI0II  OF  YEAR  WITH  BREED 


df 
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Year  x  Breed   (l2-:.onth  Weight) 
Year  x  Breed   (lC-i;onth  Weight) 


'^h  225,262        4,171.5 

54  33C,yjl       6,223.9 


Table   10.--LEA3T  SQUARES  EFFECTS  OF  YEAR  OF  BIRTH  Oil  12-  AID  iS-MOIJTH 
WEIGHTS 


ClasEification 


.■ijiiber  of 
Heifers 


12-llonth 
V/eight 


18-Month 
We  ight 


tea:^  (yi) 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
19  5S 
1959 

OVER -ALL  (u) 


28 

-6.22 

-15.54 

35 

-;>!+. Il6 

-49.15 

29 

-50.90 

-37.30 

45 

-^^7.76 

-52.50 

31 

-23.83 

4.70 

hi 

111.85 

106.36 

50 

87.32 

129.76 

63 

54.51 

-84.94 

60 

-50.18 

30.52 

27 

-20.33 

-31.91 

4i5 


4^5.46 


631.90 
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Table   11. --LEAST  SQUARES  EFFECTS  OF  BREED  OH  12-  AID   18-M0HTH  l^IGHTS 


Classification 

Number  of 

12' -Month 

l8-Wonth 

Heifers 

Weight 

Weight 

BREED  G^;OUP   (bj) 

Purebreds 

Angus 

Brahman 
Devon 
Bralman-An^us  Crosses 

52 
33 
67 

-39.00 
-30.89 
-12.99 

-85.59 

-47.94 

-3.61 

F-l's 

Rtckcrosses 
Brahman-Devon  Crosses 

17 
22 

29.98 
5.25 

58.94 
-5-13 

F^'s 

Backcrocses 
Rotation  Crosses 
Inter- ce 

^5 
48 
48 
83 

58.72 

29.65 

26.83 

-17.75 

64.12 

18.96 

21.71 

-21.1^ 

OVER -ALL  (u) 

415 

485.46 

631.90 
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In  the  BrahjTir.n-Anc;us   crosces,    the  F,    heifers  were   25  pounds 
heavier  than  the  backcrocs  heifers.      Both  the   F,    and  backcross  groiips 
were  heavier  than  the  purebred  An^^us  eaid  Brahman  heifers. 

In  the   Bralun;:n-Devon  crosses,    the   F]_  heifers  were   29  pounds 
heavier  than  the  backcross  heifers.      The  F-i    heifers  were   32  pounds 
heavier  than  the   rot  at  ion- cross  heifers  and  'jG  pounds  heavier  than  the 
inter-se   heifers.      All  of  the  Braiiman-Devon  crosses  vrere  heavier  than 
the  pui-'ebred  Bi-ahnian  aiid  Devon  heifers  with  the  exception  of  the   Inter-se 
heifers.      The   inter-ce  heifers  were   13  pounds  heavier  than  the  Er-iliman 
heifers  but  were   5  pounds   lighter  than  the  Devon  heifers. 

The   Brahijnan-Devon  Fj   and  backcross  heifers  were   29  and  25  pounds 
heavier  than  the  Bralimon-Angus  F,    and  backcross  heifers. 

Effect  of  Breed  Group  on  l8-J>fc>nth  Weight 

Breed  group  exerted  a  highly  significant   influence   on  l8-month 
weights.     The  purebred  Angus  heifers  vere  the   lightest  breed  group 
while  the  Erahiniin-Devon  F-^  heifers  were  the  heaviest   (table   ll). 

The  purebred  Devon  heifers  were   UU  poimds  heavier  than  the 
Brahman  heifers  and  82  pounds   heavier  than  the  Angus  heifers. 

In  the  Brahmaoi-AnguE  crosses,   the  F,    heifers  were  Ch  pounds 
heavier  than  the  backcross  heifers. 

In  the  BraJunan-Devon  crosses,   the  Fji_  heifers  were   ^5  pounds 
heavier  than  the  backcross  heifers.      The   F-,    heifers  were   ^2  pounds 
heavier  than  the   rotation-cross  heifers  and  86  pounds  heavier  than  the 
inter-se  heifers. 


3^^ 

The   Brahman-Devon  F-^  and  backcroGS  heifers  were   5   and  2k  pounds 
heavier  than  the  Brahman-Angus  F^  and  backcross  heifers. 

The  purebred  Angus  and  Brahmim  heifers  vere  lighter  than  any  of 
the   crossbred  groups.      The  purebred  Devon  helx'ers  were   heavier  than  the 
inter-se   and  Brahrian-Angus  backcrosses  but   lighter  than  the   other  cross- 
bred groups. 

Regression  of  Weight  on  Age  at  Vfeaning 

Table  12  gives  the  partial  regression  cc-fficients  for  the  re- 
gression of  12-  end  lo-month  freights  on  age  of  calf  at  weaning.     The 
partial  regression  coefficients  are   O.77  pounds   for  12-nionth  weight   and 
0.27  pounds   for  lo-month  ifeight. 

Table   12. --PARTIAL  REGiffiSSIOW  COEFI'^ICIEIITG  FOR  REGREGSIOW  OF  VEIGIiT  Oil 
AGE  AT  VEANING 


12 -Month  Weight        1^-Iionth  Weight 


Regression  of  12-    md  lo-Month 

Weight   on  Age   at  V/eaning  0. 77^^+585  0.27^4123 


Influence  of  Age  of  Dnin 

In  order  to  determine    if  calves   from  two-    uid  three-year-old 
cows  were   as  heavy  at   12-   and  l6-months   of  age   as   calves   from  older 
cows,    age   of  dam  was  placed   in  tlie  poct-weaning  model.      This  gave   a 
valid  comparison  of  the  heifers   from  the   two-   and  three-year-old  cows 
and  the   older  cov/s.      Using  this   coniparison,    there  were   no   significant 
differences   in  the   12-   or  l8-month  weights  due  to  the   inl'luence   of  age 
of  dam. 


DISCUSSION 

In  general;  the  results  of  this  study  are  in  agreement  with  the 
published  reports  of  other  similar  Investigations.  However,  the  envi- 
ronmental conditions  during  the  period  of  this  study  caused  the  dependent 
variables  to  fluctuate  widely.  This  is  shown  by  the  tremendous  year  to 
year  variability  in  the  205-day,  12-   and  l8-month  weights.  An  indication 
of  the  magnitude  of  the  year  effects  is  shoira  in  table  13 .  The  sqixare 
of  the  multiple  correlation  coefficient  gives  the  amount  of  variability 
in  the  dependent  variable  that  can  be  explained  by  a  knowledge  of  the 
independent  variables.   It  is  interesting  to  note  that  if  year  is  omitted 
from  the  model  only  about  18  per  cent  of  the  variability  can  be  explained 
by  a  knowledge  of  the  other  independent  variables.  However,  when  year 

is  included  in  the  model  R  is  increased  to  approximately  k"]   per  cent. 

2 
Breed  group  was  the  only  other  classification  which  changed  R  greatly 

when  omitted  from  the  model. 

Even  though  most  research  workers  agree  that  year  effects  are  an 
important  source  of  variability,  the  variation  in  year  effect-s  found  in 
this  study  is  greater  than  would  be  expected  from  a  review  of  the  litera- 
ture.  It  is  interesting  to  note  that  year  was  involved  in  significant 
interactions  with  breed  group,  sex,  month  of  birth  and  lactation  status. 
None  of  the  other  first-order  interactions  was  significant.  Also,  it 
should  be  pointed  out  that  even  though  there  was  a  highly  significant 
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Table   I3. --IULTIPLC  CORRELATIOIJ  COEFFICIEliTS  WITH  C^nTAII']  CLASSIFICATIONS 
Oi:iTTI]D  FROI-:  i:ODFL 


2 
Cla:3siricT.tIon  Oraitted  R  R 


All  Elements   in  Model 

Year 

Breed  Group 

Age  of  Dam 

Sex 

Month  of  Birth 

Lactation  Status 


0.6bh6 

o.k6Q'j 

0.^+303 

0.1852 

0. 5(70 

0.3^^6 

0.6726 

0.1+52U 

0.6635 

0.i+U02 

0.6795 

0M17 

0.68k2 

0.1^681 
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year  x  breed  group   interaction  for  205-day  weight  there  were  no   significant 
interactions  for  12-   and  iG-month  weights.      From  these  results  the  fol- 
lowing stateiaents  about  the  Everglades  Ex-perinient  Ctation  beef  cattle 
population  appear  to  be   justified: 

1.  Environmental   influences   create  much  variability  in  beef 
cattle  weights. 

2.  Experiments   involving  beef  cattle   should  be  designed  so  that 
tiie  desii-ed  courparisons   can  be  made   on  a  within  year  basis. 

3.  Since  year  was   involved   in  all   significant   interactions, 
e>;periments   should  be   repeated  for  several  years  before 
any  definite   conclusions  are   drawn. 

The  effects   of   sex  were   in  close   agreement  with  most  estimates 
obtained  under  different   conditions.      Almost   all   investigations  have 
revealed  that  bulls  are   heavier  than  steers   and  that   steers   are  heavier 
than  heifers.      The   same   situation  was  true   in  this   study.      Plowever, 
contrary  to  most  repoz-ts,    sex  was   involved  in  an  interaction  with  year. 
This  may  be  due  to  the   fact  that  the  year  to  year  variation  was  ex- 
tremely great. 

The  variability  due   to  age   of  dam  in  this   study  was   less  than 
that   usually  reported.      The  differences  between  the  two-   and  three-year- 
old  cows  and  the  mature   ca\rs  were   not  as  great   as  those   obtained  in 
most   studies.      The   fact   that   age   of  dam  did  not   influence   12-   and  l8-month 
weights  gives  validity  to  the  practice   of  adjusting  weajiing  weights  for 
the  effects  of  age   of  dam  before    replacements   are   selected. 

The   significant   influence   of  month  of  birth   indicates  that  this 
factor  should  be   considered   in  beef  cattle   research  at  the  Everglades 
Experiment   Station. 
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Lactation  status  of  the  dam  the  previous  yeai'  did  not  exert  a 
significant  influence  on  weaning  weights.   Even  though  the  effect  of 
lactation  status  was  not  significant,  the  calves  from  cows  which  were 
non-lactating  the  previous  year  were  5  pounds  heavier  than  calves  from 
cows  which  were  lactating.   Also,  there  was  a  significant  interaction 
(P  <.  0.05)  between  lactation  status  and  year,   ilowever,  the  multiple 
correlation  coefficients  obtained  with  lactation  status  in  and  out  of 
the  model  were  practically  the  same.   Therefore,  very  little  precision 
was  gained  by  including  lactation  status  in  the  model. 

There  were  signific'int  differences  (P -c  O.Ol)  in  the  205-day, 
12-  and  l8-month  weights  due  to  the  influence  of  the  different  breed 
groups.  With  the  exception  of  year,  breed  group  was  the  largest  source 
of  variability  in  the  205-day  weights.   Since  one  of  the  primary  objec- 
tives of  crossbreeding  is  to  increase  weaning  weights,  this  variability 
created  by  breed  groups  would  be  expected  if  the  breeding  programs  under 
consideration  were  successful.   The  results  of  this  study  clearly  point 
out  that  increased  weaning  weights  can  be  obtained  throug.h  the  use  of 
crossbreeding  programs  involving  Angus,  Erahman  and  Devon  cattle  at  the 
Everglades  Experiment  Station.   Even  though  this  is  true,  careful  con- 
sideration should  be  given  to  other  important  factors  before  a  cross- 
breeding program  is  used  in  an  economic  enterprise.   Certainly  the 
reproductive  rate  should  be  considered  since  it  probably  influences 
economic  return  more  than  any  one  single  factor. 

All  of  the  crossbred  groups  in  this  study  Involved  the  Brahman 
breed  of  cattle.   This  means  that  rate  of  reproduction  should  be  evaluated 
even  more  critically  because  most  evidence  indicates  tliat  the  rate  of 


39 

I'eproduction  in  Bx'ahmEm  cattle  may  be   lower  than  in  sone   of  the   other 
breeds.     Also,   there   is  the  poGcibility  of  partial  genetic   jncompatibility 
between  the  Brahxian  and  European  breeds  of  cattle  as  far  as  reproduction 
is  concerned  (Koger,   I960).      Other  very  important  factors  to  be  con- 
sidered are  the  practical  lin:itations  of  crossbreeding  programs. 

The   Illative   influence  of  breed  group  on  205-day,    12-  and  lo- 
month  weights  is   shoim  in  figure  1.     At  205  days  of  age,   all  of  the    pure- 
bred groups  were  lighter  than  any  crossbred  group.      For  the  Brahman  and 
Angus  groups,    this  held  true   at   12  and  I8  months   of  age.      However,    the 
Devon  heifers  were  heavier  than  the    inter-se  heifers   at   12  and  l3  months 
of  age   and  heavier  than  the  Briliman-Angus  backcross  heifers  at   I8  months. 

It   is   interesting  to  compare  the  F-,  '  s   and  backcrosses  at  different 
ages.      At  205  days  of  age,   the   Brahman-Zmgus   and  Brahman-Devon  backcross 
c-^.lves  were  the   two  heaviest  breed  groups.      However,    at   12  and  I8  months 
of  age  they  were   considerably  lighter  than  their  respective   F-j_  breed 
groups.      Since  these   calves   from  F     dams  were   heavier  at  weaning  but 
v;-ere   lighter  at   later  ages,    it   seems  plausible  to   state   that  the   F-^ 
cattle  expressed  hybrid  vigor   in  the   form  of  growth  potential  and  millcing 
or  mothering  ability. 

In  general,   the  Brahman-Devon  inter-se  cattle  did  not  perform 
as  well  as  the  F   ,   backcross  and  rotation-cross  breed  gro\jps.      A  pos- 
sible explanation  for  this   is  the   loss  of  hybrid  vigor   in  the   inter-se 
matings. 

With  the  exception  of  the  Brahnan-Devon  F^  and  backcross  groups, 
the  Bralimon-Devon  rotation-cross  cattle  were  the  only  breed  gro\ip  whose 
weights  were  above  the  mean  of  the  population  at   all  ages.      Considering 
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Figiire   1.      Relative   influence   of  breed  group  on  205-day, 
12-month  rind  l3-month  weights. 
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only  the  weichtc  of  the  different  breed  groups  and  the  practical  aspects 
of  the  different  breeding  prOjjzaniE  involved,    the  Brahman-Devon  rotation- 
crot:s  cattle  may  possibly  be  one  of  the  beet  breed  groups  in  this  papula- 
tion from  an  economic  viei/point. 

The   regression  coefficients   obtained  from  the  post-weaning  analysis 
point  out  one   interesting-  fact.     Age  differences  vithin  a  breeding  season 
do  not   influence   the   lo-month  weights  of  heifers  very  much.      This   is 
indicated  by  a  partial  recression  coefficient   of  0.27  pounds   for  the 
regression  of  iS-month  weights   on  age  at  weaning.      If  the   same   situation 
prevails   in  beef  cattle   under  other  conditions,    care   should  be   taken   in 
the   interpretation  of  the  commonly  used  measurement   "weight  per  day  of 
age." 


Sm-lI-lARY 

EstiniateG  of  the   factors  which   influenced  the   205-day,    12-   and 
l8-month  weights  of  the  Everglades  Experiment  Station  beef  cattle  popula- 
tion were   obtained  using  the  method  of  fitting  constants  by  least   squares. 
This  population  contained  Angus,    Brahman,   Devon,    Bralmian- Angus  and 
Brahman-Devon  cattle.      The   205-day  weights   of  933   calves  and  the   12- 
and  lo-month  weiglits   of  ^15  heifers  were   included   in  the   analyses.      The 
records  covered  the   ten-year  period  from  1950  through  1959. 

There  was  tremendous  variability  in  the  year  effects.      The   ranges 
in  year  effects  were   1^1-5  pounds  for  205-day  weight,    l66  pounds  for  12- 
month  weight  and  215  pounds   for  lO-month  weight.      All  of  the   significant 
first-order  interactions  were   involved  with  year. 

Bull  calves  were   11  pounds  heavier  than  steer  calves  and  32  po\inds 
heavier  than  heifer  calves   at   205  days   of  age. 

Tlie  heaviest   calves  were  produced  by  cows  which  were   six  to  11 
years  old  while  the   lightest   calves  were  produced  by  cows  which  wei^ 
two  years  old.      Ccaves   from  cows  2,    3,    k,    5   and  12  through  17  years   old 
wei-e   lighter  than  calves   from  cows   six  through  11  years   old  by  it6,    26, 
6,    12  and   5  poiaidc,    respectively. 

There  was   a  significant   influence   of  month  of  birth  on  205-day 
weights.      Calves  born  during  the  months   of  December  thro\agh  June  were 
heavier  than  November  calves  by  7  pounds   and  July  through  October  calves 
by  18  pounds. 
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crossbred  gi'oups   at  205  days  of  age.      For  the  Brahnan  and  Angus  groups, 
this  held  tme   at   12  c'Jid   l8  months   of  age.      However,   the  Devon  heifei'S 
were  heavier  than  the   inter- se   heifers   at   12  and  l3  months  of  age   and 
heavier  than  the  Bralxnian-iVngus  backcross  heifers   at   l3  months. 

The  Brahman-Angus  nnd  Brahman-Devon  backcross   calves  were  the  two 
heaviest  breed  groups  at  205  days  of  age.      At   18  months   of  age,   the 
Erahiaan-/'Jigus  and  BraJiman-Devon  F     heifers  were   the   heaviest  breed  groups. 
With  the  exception  of  the  Bralarian-Devon  F-,    and  backcross  groxips,    the 
Brahman-Devon  rotation- cross   cattle  were  the   only  breed  groiip  whose 
weights  were   above  the  mean  of  the  population  at  all  ages.      The  Brahman- 
Devon  inter-se   cattle   did  not  perform  as  well  as  the  F^ ,   backcross  and 
rotation-cross  breed  groups. 

Pai'tial  regression  coefficients   of  0.77  3jad  0.27  poimds  were 
obtained  for  the   regression  of   12-   and  l8-month  weights   on  age   at  weaning, 
respectively. 
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Table   l4. --ORIGUiAL  LEAGT  SCUAJ^>En  E-.U/VTIOUS 
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- . 009006 
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- .  0l3ci+l 
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-.0i63i-l 
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-.o.X3r5 
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- . 007 U76 

- .  oosuoi 
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Symmetric  [■:atrix. 

Inverse   of  corrected  s\jim  of  squares  and  crossproducts, 

Values   in  table  are   actual  values  divided  by  10. 
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